Of the species known to attack stored cereals in the United States nearly all have been introduced and are now cosmopolitan, having been distributed by commerce to all quarters of the globe. In fact, no insects are more easily carried from one land to another, since they breed continuously for years in the same grain, and are transported when in an immature state in the kernels.
In their native homes in the tropics, and even in our Southern States, these insects live an outdoor life, but in the colder countries of the temperate zone and in our IN'orthern States they lead an artificial 277 or domestic existence, the beetles, particularly, with few exceptions, passing their entire lives wholly within doors, being, therefore, dependent upon man for their subsistence.
The various species of insects that attack stored grain as well as pease and beans are indiscriminately but erroneously called weevils, or simply ^'weevil,'' but the only true grain weevils are the rice weevil and granary weevil.
When it is considered that grain constitutes the chief article of diet of man, and that these insects have found their way to every tropical and temperate region where grain grows, it may be said without fear of contradiction that they are entitled to front rank among noxious insects.
NATURE AND EXTENT OF DAMAGE.
In addition to the loss in weight occasioned by these insects, grain infested by them is unfit for human consumption, and has been known to cause serious illness. Nor is such grain desirable for food for stock. Horses, it has been experimentally proved, are injured by being fed with "weevily'^ grain, and it is somewhat doubtful if such material is fit even for swine. Poultry, however, feed upon it with impunity. ''Weeviled" grain Is also unfit for seed stock, as its use is apt to be followed by a diminution in the yield of a crop.
As regards the insect injury to stored grain in this country, one writer has estimated that there is ^^an annual loss of over $1,000,000 from weevils in Texas alone,'^ and that nearly 50 per cent of the corn in that State is annually destroyed by weevils and rats. Another writer has expressed the opinion that the annual loss to Texas from the injury to grain in the field and in the bins will amount to hundreds of thousands of dollars. The loss from granary insects to the corn crop in Alabama in 1893 was estimated at $1,671,382, or about 10 per cent.
PARASITES AND NATURAL ENEMIES.
It might be supposed that insects which live a retired indoor existence would be comparatively free from parasitic and other enemies, but such is not the case.
It has been estimated of one species, the granary weevil, that one pair in the course of a year would x^roduce 6,000 individuals. The moths are still more prolific, and as there are six or more broods of some species annually, it will be seen that if all the eggs of one individual and her offspring develop there would be produced in one year a whole myriad of the insects, sufficient to destroy many tons of grain.
Fortunately, there are several natural checks to the undue increase of these insects. One of them is a diminutive mite which preys upon various species. The spiders that inhabit mills aud granaries entrap the moths, and in the field they are preyed upon by nocturnal insects as well as by birds and bats.
The grain weevils are often parasitized, three or fonr chaléis flies having been recognized as their enemies. The Angoumois moth has a specific parasite, as has also the saw-toothed grain beetle 5 two or three parasites are known to prey iii)on the Mediterranean ñour moth ; another infests the Indian meal moth and wolf moth, and several other granary insects are known to have parasites.
The good work that is sometimes done by parasites in limiting the multiplication of their grain-feeding hosts is exemplified in a case cited of Ephestia huehniella being destroyed by a parasite when other means had failed to dislodge it in the warehouses which it had invaded. THE GRANARY WEEVIL.
The granary weevil is the ^^curculio" and ^^weeviP' of early writings, and in the Georgics of Virgil there is evidence that the iusect and its ravages were known before the Christian era. It is probable that this, as well as some other cosmopolitan species that are generally supposed to have originally inhabited the Orient, is native to the Mediterranean region. Having become domesticated ages ago, it has long since lost the use of its wings, which are present only as mere rudiments and useless as organs of flight. It is strictly a granary insect, and is apparently perfectly naturalized in regions much farther north than are inhabited by the rice weevil. is a small, flattened snoutbeetle of the family Oalandridie, measuring from an eighth to a sixth of an inch, being on an average a trifle larger than the rice weevil, from which it differs in being of a uniform shining chestnut-brown color, in having the thorax sparsely and longitudinally punctured, as indicated at figure 43^ a, and in being wingless. The head is prolonged in front into a long snout or proboscis, at the end of which are the mandibles; the antennae are elbowed and are attached to the proboscis.
The larva is legless, considerably shorter than the adult, white in color, very robust, fleshy, and of the form shown in the illustration (h). The pupa, shown at c, is also white, clear, and transparent, exhibiting the general characters of the future beetle.
The female punctures the grain with her snout and inserts an egg, and from this is hatched a larva which devours the farinaceous interior and undergoes its transformations within the hull. In wheat, barley, and other small grains a single larva inhabits a kernel, but a kernel of maize furnishes food for several individuals.
The time required for the completion of the life cycle varies with the season and climate, and the number of generations annually produced is consequently dependent upon temperature. As a result, writings on this subject show a noticeable disagreement. One writer says that the period of development for the rice weevil varies from three to eight weeks, and that there are probably at least eight generations annually. There is one case on record in which, in England, thirteen weeks were consumed in the development of a single generation. The earlier European writers agree that there are but two broods of the granary weevil annually in that quarter. It is not probable that there is much variation in the development of these two species. The writer has carried both species through from agg to adult in shelled corn in forty-one days, or about six weeks, but it is possible that under exceptionally favorable conditions this period may be somewhat shorter. There are probably four or five broods in this latitude and six or more in our Southern States.
The chief injury done by the granary weevil is to wheat, maize, and barley, but it also attacks other grains and is very partial to pearl barley and to the chick-pea [Cicer arietinum), a leguminous seed cultivated for food in the tropics.
Unlike the moths which attack grain, the adult weevils feed also upon the kernels, gnawing into them for food and for shelter, and, being quite long lived, probably do even more damage than their larvae.
The writer has kept the beetles alive for several months, and others claim to have kept individuals under observation for upward of a year. Egg laying continues over an extended period, and it will be seen that a single pair and their i)rogeny are capable in a short time of bausing considerable mischief.
THE RICE WEEVIL.
{Calandra oryza Linii.)^ The rice weevil derives both its popular and Latin name from rice (oryza), in which it was first found by its discov3rer. It is conceded to have originated in India, whence it has been diffused by commerce until it is now established in most of the grain-growing countries of the world. There is no record of the occurrence of this insect in Europe earlier than 1763, when the species was described by Linnaeus, but it w as probably imported into southern Europe many years prior to that time. From Europe it was introduced into America, and at the present ' The specific name of the rice weevil has uniformly been spelled "oryzoe^^ by all writers since the time of Linnaeus, but the original spelling is oryza. (See Amoen Acad., Vol. VI, p. 395.) time is as widely distributed and injurious as an}^ known insect. It is a serious pest in the Southern States, where it is commonly, though erroneously, known as ^'black weevil," but farther north it is of less importance. It occurs, however, in every State and Territory in the Union and occasionally invades Canada and Alaska,
In olden times long voyages were necessary in importing grain from the East, and damage by the rice weevil, when whole cargoes were often lost, was much heavier than at present. But the losses occasioned by this insect are still enormous, particularly in India, Mexico, South America, and other tropical countries.
The rice weevil resembles the preceding species in size and in general appearance. It is dull brown in color 5 the thorax is densely pitted with round punctures; the elytra, or wing cases, are ornamented with four more or less distinct red spots, arranged as in the illustration ( fig. 44, d) , and it has well-developed and serviceable wings. The larvae and pupae are also similar to those of the granary weevil, and in habits and life history it does not differ materially from that species.
The question whether or not this insect ever lays its eggs in grain in the field has been the occasion of some discussion and of unsatisfactory experiment abroad, but we have the testimony of several experienced entomologists that the insect is of very common occurrence in grain fields in the South, remote from granaries.
Although the rice weevil feeds upon the grain of rice, it thrives equally well, seemingly better, on wheat, particularly the soft varieties, and on maize. It also breeds freely in the cultivated varieties of sorghum {Andropogon sorghu7n), known variously as Guinea corn, Kaffir or Jerusalem corn, millet, etc. ; in barley, rye, hulled oats, buckwheat, chick-peas, and Job's tears ( Coixa lachryma). Unhusked rice is particularly exempt from its attacks, and the husk of oats similarly protects this cereal. Corn in the ear and unhulled barley are not so exposed to infestation as the shelled or hulled seed, but are by no means exempt, as has been stated by some writers.
The adult beetles attack a great variety of food products not affected by the larvae. When abundant in storehouses and groceries they invade boxes of crackers, cakes, yeast cakes, macaroni, and other breadstuffs, barrels and bins of flour and meal, and can subsist for months on sugar. They are even said to burrow into ripening and overripe peaches, grapes, and mulberries, and to attack hemp seed, chestnuts, and table beans.
THE ANGOUMOIS GRAIN MOTH.
(Gelechia cerealella 01.)
The Angoumois grain moth derives its name from the province of Angoumois, France, where it is said to have been injurious for nearly a century and a half. It probably originated, with the granary weevil, in the Mediterranean region, and possibly in southern Europe. In this country it is familiarly but incorrectly called the ^^fly weevil.'^ The history of this insect iu Europe dates back to 1736, when Eéau-mur found it damaging stored barley in France, but the moth was not described until 1789. In America an account by Ool. Landon Carter, published in 1771, brought out the fact that injuries from this species began in I^orth Carolina as early as 1728.
From the seat of its original introduction this moth has spread to neighboring States in the South, where it does incalculable damage, and to the southern portions of the Northern States, where it is less injurious. It is occasionally troublesome as far north as Canada, and has been reported as doing serious damage in Australia and India. The work of the writer at the Columbian Exposition would indicate that it has now become cosmopolitan, as it was found there in a majority of the cereal exhibits of the tropical and warmer temperate countries.
In Europe the favorite food of the Angoumois moth is said to have been barley; in America its chief injury is to corn and wheat, but it infests also all the other cereals, as well as buckwheat, chick-peas, and, it is said, cowpeas. It has been estimated that in six months grain infested by this moth loses 40 per cent in weight and 75 per cent of farinaceous matter. In addition to the loss in weight, the This insect is a small moth of the family Gelechiidie and resembles somewhat our familiar clothes moths, for Avhich species, indeed, it is often mistaken. It is light grayish brown in color, more or less lined and spotted with black, and measures across the expanded fore wings about half an inch (see fig. 44 , c). The hind wings are bordered with a long, delicate fringe.
The moth normally deposits its eggs in standing grain, singly or in clusters of from 20 to 30. The eggs, shown at figure 44, 6, are red in color and hatch in from four to seven days, when the minute caterpillars burrow into the kernels and feed on the interior. A single larva inhabits a grain of the smaller cereals, but in maize sustenance is afforded for two, three, or more individuals. Figure 45 represents an ear of pop-corn infested by this moth. In about three weeks^ time the caterpillar attains full growth (see fig. 44 , a), when, without leaving the kernel, it spins a thin, silken cocoon in which it transforms to a mSECTS INJURIOUS TO STOËËD GRAIN.
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chrysalis ( fig. 44^ ft) , the moth emerging a few days later, the entire period from ç^gg to adult embracing in summer from four to five weeks. After copulation, the moth soon deposits her eggs for another brood, and in this manner several generations of the insect are produced in the course of a year. The older writers believed that the species was normally double-brooded, but as the insect breeds continuously in the harvested grain, there is now an irregular development which is inñuenced by temperature. In this latitude there are probably five or six generations annually. Mr. ÏÏ. E. Weed estimates that in the warmer climate of Mississippi, where the insect can breed uninterruptedly during the winter months, there are at least eight generations.
In some respects the Angoumois grain moth is more troublesome than any of the other granary insects. Even as far north as central Pennsylvania it lays its eggs on grain in the field, and it is, therefore, impossible to entirely prevent infestation.
The custom of leaving the harvested grain in stack in the field for weeks before thrashing, in vogue in some parts of our country, is the cause of perhaps the greatest proportion of infestation. The introduction of the insect into the granary through this channel may be practically prevented in the case of the smaller cereals by harvesting and thrashing as soon as possible after the grain reaches maturity. If, after the removal of the old grain from bins, these are thoroughly cleaned and fumigated before the introduction of fresh grain, the chances of injury are reduced to a minimum. This, as well as the other granary moths is soft, delicate, and easily crushed, and is unable, when buried beneath a large mass of grain, to extricate itself; hence storing the grain in bulk and stirring, shoveling, or agitating by other means is productive of the best results with this insect. This scourge of the flour mill, as it is called, has attracted much attention of recent years and has been the subject of many articles and bulletins. Until the year 1877, when the moth was discovered in a flour mill in Germaoy, it was comparatively unknown. In later years it invaded Belgium and Holland, and in 1887 appeared in England. Two years later it made its appearance in destructive numbers in Canada.
That the Mediterranean flour moth has become so formidable in recent years is due to the higher and more equable temperature maintained in modern mills, a condition highly favorable to the development of the insect.
Previous to the Cr^nadi^in invasion this moth was generally believed to have reached Europe from America, but, as a matter of fact, the species had not been recognized here until 1889. Danysz has traced its occurrence in this country back as far as 1880. He mentions also an outbreak in Constantinople in 1872 and presents evidence that it was probably known in Europe as early as 1840. Until the present year this insect was known as injurious on this continent only in Canada aod California, but in the American Miller of May 1,1895, Mr. W. G-. Johnson states that it has appeared in New York State. It is recorded also from North Carolina, Alabama, New Mexico, Colorado, Mexico, and Chile, and j)robably occurs in Australia.
The adult moth has a wing extension of a little less than an inch; the fore wings are pale leaden gray, with transverse black markings of the pattern shown in the accompanying illustration (ñg. 46, a)-, the hind wings are dirty-whitish, semitransparent, and with a darker border. The caterpillar is illustrated at 0, 6, and the chrysalis at d.
The caterpillars form cylindrical silken tubes in which they feed and transform to chrysalids, and it is this habit of web spinning that renders the insect so injurious where it once obtains a foothold. The flour becomesfelted together and lumpy, and the machinery becomes clogged and necessitates frequent and prolonged stoppage, resulting in a short time in the loss of thousands of dollars in large establishments. Upon attaining full growth the caterpillar usually leaves its original silken domicile and forms a new web, which becomes a cocoon, in which to undergo its transformations to pupa and to imago.
Although the larva prefers flour or meal, it will attack grain when the former are not available, and it flourishes also on bran, prepared cereal foods, including buckwheat grits, and crackers. It has recently been discovered that this moth is inquilinous in the nests of a wild bumblebee in California, and Mr. D. W. Coquillett reports that it also occurs in the hives of the honey bee. M. Dauysz lias demonstrated that the insect is able to complete its life cycle in from two to two and a half months, but from experiments conducted during the year at Washington it is estimated that under the most favorable conditions, i. e., in the warmest weather, the life cycle consumes about five weeks. In its outdoor life there are probably not more than two or three broods in the year, but in well-heated mills or other buildings six or more generations may be produced.
This insect is rapidly becoming distributed throughout the civilized world, but as yet its range is limited. As might be inferred from its alarming destructiveness in Great Britain and Canada, this moth is peculiarly qualified for an indoor existence in much colder climates than most other grain insects.
When a mill is found to be infested, the entire building should be fumigated, and in case a whole district becomes overrun, the greatest care must be observed not to spread the infestation. Uninfested mills should be tightly closed at night and every bushel of grain, every bag or sack, brought into the mill, subjected to a quarantine process, being disinfected either by heat or bisulphide of carbon.
THE INDIAN-MEAL MOTH.
(Plodia interpunctella Huebn.)
A phycitid moth allied to the preceding and known as the Indianmeal moth is widely distributed and injurious to a great variety of edibles. It is nearly omnivorous, feeding on grain and farinaceous products of all kinds, dried fruits, seeds and nuts of various sorts, condiments, roots, and herbs. It is even injurious to dried insects in cabinets, and is said to feed on sugar, jellies, and yeast cakes, and is occasionally troublesome in bee hives. In short, this moth is an all-around nuisance in granaries and stores and in the household. It is the caterpillars of this species which are so often found in dried apples, currants, raisins, English walnuts, etc.
The adult moth, as will be seen by reference to the accompanying illustration ( fig. 47, a) , resembles in general contour Ephestia Tcueliniella, It measures across the expanded wings between a half and three-fourths of an inch. The inner third of the fore wings is dirty whitish gray, and the outer two-thirds is reddish brown, with a dull coppery luster. The caterpillar is shown at e, e, and d^ and the chrysalis at h.
Aside from its oinnivorousness, the habits of the Indian-meal moth are essentially the same as those of the preceding species. The larva3 surround themselves with cylindric?*! silken webs, in which they feed and undergo their transformations. Experiments conducted during the past year show that the insect is capable of passing through all its several stages, from egg to adult, in thirty-three days, which furnishes a possibility of six, seven, or even more generations in the heated atmosphere in which it habitually lives.
THE MEAL SNOUT-MOTH.
(Pyralis farinalis Linn.)
A moth belonging to the family Pyralidae often occurs in barns and other buildings wherever farinaceous products are housed. In Europe, where it is known as the " meal moth,'' it has long been known as a domestic nuisance, and in this country it is evidently on the increase.
The meal snout-moth is slightly larger than any of the species previously mentioned, having a wing expanse of nearly an inch. The groundcolor is light brown, with reddish reflections j the thorax and the dark patches at its sides and near the tips of the fore wings are darker brown. The wavy, transverse lines of the wings are whitish, and form the pattern indicated in the illustration ( fig. 48, a) . The caterpillar and chrysalis are figured, natural size, at h and c, respectively. ^^^^.^^ ^j^^ Caterpillar COUStrUCtS lOUg tubes of silk and particles of the meal or other food in which it lives, and when present in mills hides away, particularly in the pupating season, in machinery and other places where it would be objectionable. European authorities state that the insect is biennial in development, but this is a subject requiring further investigation. It lives on cereals of all kinds and in all conditions, either in the kernel or in the form of flour, meal, or bran, and even, it is said, in the straw. It also attacks other seeds, and dried plants in herbaria, and injures hay after the manner of the related clover-hay worm {Pyralis costalis), Yery recently it has been reported injurious to potatoes.
THE WOLF MOTH,
{Tinea granella Linn.)
Still another moth, kno^n as the wolf moth or little grain moth, does considerable injury to stored cereals in Europe; but as it is not particularly destructive in America, requires only passing mention. This species is of about the size of the Angoumois moth, creamy white in color, thickly mottled with brown. Like the latter, it is known to oviposit in grain in the field. It infests cereals of all sorts, and a single caterpillar is capable of great damage, as it has a habit of passing from one grain to another, spinning them together with its webs as it goes until twenty or thirty grains are spoiled. When full grown the caterpillars crawl all about the infested mass, leaving their webs everywhere, thus injuring even more than they consume.
THE SAW-TOOTHED GRAIN BEETLE.
(Silvanus surinamensis Linn.) This little beetle is widely distributed over the entire globe, and is of common occurrence in granaries, in groceries, in dwelling houses, and in barns, and, in fact, almost everywhere where edibles are stored. It is nearly omnivorous, infesting grain and seeds of all sorts, flour, meal, bran, screenings, breadstuifs, and other comestibles. It has been reported as specially injurious in difíerent years in Michigan, Mississippi, Oregon, Delaware, and other States, and has been the subject of a series of experiments at the Oregon and Delaware experiment stations.
The insect is a clavicorn beetle of the family Oucujidie. It is very small, only about onetenth of an inch long, slender, much flattened, and of a dark chocolatebrown color. The antennae are clávate, and the thorax has two shallow longitudinal grooves on the upper surface and bears six saw-like teeth on each side, as shown at figure 49, a.
The larva, as will be noticed by reference to the illustration (c), has six legs. It is exceedingly active, and does not pass its life wholly within a single seed, but runs about nibbling here and there. After attaining its growth the larva attaches itself to some convenient surface and constructs a covering by joining together small grains or fragments of infested material by means of a silken substance which it secretes, and within this case the pupa (&) and afterwards the adult states are assumed. From data acquired by experiment during the year it is estimated that there are six or seven generations of this insect annually in the latitude of the District of Columbia. During the summer months the life cycle requires but twenty-four days; in spring, from six to ten weeks. At Washington, it has been learned, the species winters over, in the adult state, even in a well-warmed indoor atmosphere. 
THE FLOUR BEETLES.
During the past year two little tenebriouid beetles, popularly known as ^^ flour weevils/' viz, Triholium confusum and T, ferrugineum^ have occasioned considerable alarm among millers, flour and feed dealers, grocers, and dealers in patent foods. The two species resemble each other so closely that it is only with the aid of a magnifying glass that a difference can be detected, and their habits are also very similar. For many years these insects have been known in Europe as enemies of meal, flour, grain, and other stored products, and even as pests in the museums. Although they live in grain, their chief damage, probably, is to flour and to patented articles of diet containing farinaceous matter. The eggs are deposited in the flour, and these and the young larvae, being minute and pale in color, are not noticed; but after the flour has been barreled or sealed up in boxes and left unopened for any length of time the adult beetles make their appearance, and in due course the flour is ruined. A part of the trouble caused to purchaser, dealer, and manufacturer is due to the fact that the insects are highly offensive, a few specimens being sufficient to impart a disagreeable and persistent odor to the infested substance. I In addition to the two species of Tribolium, there is another similar beetle that attacks grain, viz, the slender-horned flour beetle {Echocerus maxillosus)y which will be mentioned hereafter.
The confused flour beetle {Tribolium confusum Buv.) is a minute, reddish-brown beetle, elongate and depressed, of the appearance repreEiG. 51.-Echocerus maxillosus: a,larva; &, pupa; c, adult male-all enlarged (original).
sented in the illustration ( fig. 50, a) , and the size indicated by the hair line. It is separable from ferrugmeum chiefly by the structure of the antenna, which is gradually clávate, as may be seen at e. The head, it will be noticed, also differs from that of ferriigineumy shown at /. The general characters of the larva are illustrated at h, and the pupa at e and d. From experiment during the year it was learned that this species, in an exceptionally high temperature, is capable of undergoing its entire round of transformations in thirty-six days, but in spring and autumn weather it requires a much longer time. In well-heated buildings, at this rate, there are at least four, and possibly five, broods during the year»
The injuries reported of this species, as noted down in the records of the division, far outnumber those due to any other farinivorous insect. During the year the species has been received in a patented food purchased at a local grocery, in wheat from New Mexico, in flour from Massachusetts, in oatmeal, in flour and meal from Indiana, and in corn, peanuts, and seeds. We have also notes upon its feeding upon snuff, orris root, baking powder, rice chaff, graham flour, red pepper, and upon dried insects. During August this insect was reported as very destructive in western Massachusetts to flour received from different sources in the West, having been the cause of extensive damage and much annoyance to the interested parties. A Western miller having dealings in the East stated that he had also been troubled with this insect at Portland, Me., Boston, and New York.
The rust-red flour beetle (TriboUum ferrugmeum Duv.) resembles in general appearance the preceding species, but may be distinguished by the antenna having a distinct terminal three-jointed club (see fig.  50 , /). The larva and pupa also strongly resemble those of confusum. Within the year it was found to have damaged two lots of imported cotton seed at the Department. At the Columbian Exposition it was present in injurious numbers in most of the cereal exhibits from the tropics; also in cakes, yams, nuts, and seeds of many kinds. The species is widely distributed, and is common in the United States, particularly throughout the South.
The slender-horned flour beetle {Echocerus maocillosus Fab.) has habits similar to those of the two preceding species, and is of common occurrence in the Southern States, where it lives on grain in the field as well as in the granary, and even under the bark of trees. This species is probably a native of tropical America, and although not positively known to have established itself north of southern Ohio, is gradually extending northward. It has recently been found in Washington breeding in shelled corn. It lives also in flour and meal.
This beetle resembles Tribolium, but is lighter in color and a little smaller, measuring a trifle over an eighth of an inch in length. On 1 A 94 12 the liead, between the eyes, are two pointed tubercles, and the mandibles in the male are armed with a pair of slender, incurved horns. The insect in its several stages is illustrated at figure 51.
THE SQUARE-NECKED GRAIN BEETLE.
{Cathartus gemellatus Duv.) ' An insect of some importance in the South is the square-necked or red grain beetle. It is undoubtedly identical with a European species» and in the United States occurs as far north as ^ew York.
The beetle is of about the same length as the saw-toothed si)ecies, to which it is nearly related and somewhat resembles^ but the head and thorax are nearly as broad as the abdomen; the thorax is nearly square, not serrated on the sides, and the coloris shining reddish-brown.
This species has received special mention by Townend Glover (Pat. Off. Eept., 1854, p. 66)^ and is treated in bulletins on grain insects recently issued by the Mississippi and Maryland stations. It breeds in corn in the field as well as in cotton bolls, and continues breeding in harvested grain. The eggs are laid at the base of the kernels, into which the larvae bore, and afterwards complete their transformations. Glover states that corn iojured by this species has little chance of germinating, as the germ is nearly always first destroyed, and that this fact may, in some degree, account for the numerous failures of seed corn to grow, of which Southern planters so often complain.
THE CABELLE.
{Tenébroiâes mauritanicus Linn.) An account of the insect enemies of stored grain would not be complete without reference to Tenebroides mauritanicm, the larva of which is called by the French ^' cadelle.'^ It has long been known to feed upon stored grain in Europe, where it is said to be extremely injurious» In this country it has never been reported as especially destructive, although of common occurence everywhere in grain infested with other insects. It is not, however, so injurious as many of the preceding species, as its predaceous habits partially offset its destructiveness. The question has been raised as to whether or not this species fed upon stored grain, the claim being made that it was strictly predaceous. Experiments conducted by the writer prove that the larva not only feeds upon grain, but is capable of very serious injury to seed corn from the habit it has of devouring the embryo or germ, going from kernel to kernel and destroying many more seeds than it consumes. It is also predaceous, both in the larval and adult stages, and even destroys its own kind.
-^^ ^Some confusion exists in regard to the synonymy of this species. It is the Silvanus quadricollis Lee, and has been incorrectly referred to S. cassioe Reiche.
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The adult cadelle is an elongate, oblong, depressed beetle of a dark brown color and about a third of an inch in length. The larva is fleshy and very slender, and measures when full grown neary three-fourths of an inch. In color it is whitish, with a dark brown head. The three thoracic segments are also marked with dark brown, and the tail terminates in two dark, horny points.
REMEDIES.
The measures to be observed in the control of insects in stored grain are both preventive and remedial, but before taking up the consideration of the various remedies that may be used with more or less benefit, and the precautionary measures that may always be observed with profit, it should be borne in mind that we have in the bisulphide of carbon a nearly perfect remedy for all insects that affect stored produce.
Â few words must be said in answer to a question that is often asked, viz, What varieties of grain are the least susceptible to ^^ weeviP^ attack? There is no weevil-proof grain. Unhusked rice, oats, and buckwheat are practically exempt, but unhulled barley is attacked with avidity. Husked, shelled, or hulled grain is still more liable to attack. The soft varieties of wheat are greatly preferred, and the small, hard-grained varieties are little troubled with insects. Corn, when shelled, is more susceptible to the attack of most species than when on the cob, but appears to be preferred by the Angoumois moth in the latter condition. The hard, flinty varieties and such as have a closely fitting husk are not so liable to insect attack, and corn has been kept for years nearly exempt from infestation by this moth by being housed in the husk or shuck.
exclusion of the insects from the granary.-The measures that maybe observed to prevent the infestation of the grain are manifold. As has already been said in treating of the Angoumois moth, it is impossible entirely to prevent this insect from entering the grain in the field. The same is true to a limited extent of a few of the other species in the extreme South ; still all but a very small percentage of damage from this source may be prevented-first, by harvesting as soon as the grain is ripe5 second, by thrashing as soon afterwards as possible.
In the process of thrashing many of the infested kernels will be blown out with the chaff and dust, and the insects killed by the agitation which the grain receives. The moths and many weevils are destroyed in the thrashing, but the eggs, larvae, and pupse, many of them, survive this treatment, and further measures are required for their destruction. In France, where the Angoumois moth is so injurious, a number of machines have been devised for the treatment of infested grain. Into these the grain is poured, and either revolved while exposed to heat or subjected to a violent agitation which kills the contained insects. A new machine for the destruction of grain insects in mills is figured and described in Insect Life (Yol. YII, p, 263), Better, however, than these devices, simpler aüd less expensive, is the establishment of a quarantine bin, as nearly air-tight as possible, in which the newly thrashed as well as the infested or suspected grain may be placed, before being disposed of for more permanent storage, and fumigated with bisulphide of carbon according to the directions wliich will be given in the closing chapter.
Prevention of infestation to fresh grain,-The next precaution to be observed is that the grain after thrashing be not exposed to infestation from being placed in bins that contain infested grain, or even housed under the same roof with such grain.
The granary should be built at some distance from other buildings and the rooms in which the grain is to be stored should be constructed so as to be as near vermin-proof as possible. The doors should fit tightly, the windows should be covered with frames of wire gauze to prevent the entrance of insects from without and the escape of those within to the fields, and the floors should be oiled, painted, or whitewashed.
Before storing fresh grain in old bins that have been badly infested they should be thoroughly cleaned, all the old grain removed, and the floors, walls, and ceilings brushed and scrubbed.
The natives of India store their wheat in air-tight pits to preserve it from the rice weevil, and condemn ventilation. In the colder countries of Europe and in North America, on the contrary, ventilation i^ practiced, and with decided benefit.
The practice of storing grain in large bulk is also to be commended, as the surface layers only are exposed to infestation. This practice is particularly valuable against the moths, which penetrate only a few inches beneath the surface. Frequent handling of the grain by shoveling, stirring, or transferring from one receptacle to another is also destructive to the moths, as they are unable to extricate themselves from a mass of grain, and perish in the attempt. The rice and granary weevils, however, penetrate more deeply, and, although bulking is of value against them, it is not advisable to stir the grain, as it merely distributes them more thoroughly through the mass.
It is advisable to remove the surface layers before grinding. Impractical, useless, or unnecessary remedies are often recommended, and a few words concerning these may not be amiss, if only to point out the defects of such as are worthy of notice.
Bepellants, counter-odor ants, and lure traps.-On the hypothesis that insects are extremely sensitive to odors, the use of many aromatic substances has been recommended for deterring insects from entering the grain, in driving them from it, and as baits for luring them away. Among such substances are garlic, "jimson" weed, coriander, fennel, aniseed, hemp, larkspur, ivy, box, rue, lavender, tansy, hops, wormwood, elder and pecan flowers, China berries and twigs, neem leaves, tobacco leaves and stems, and oil of turpentine. Admitting that any of these are of substantial value, and this is doubtful, they must be used in tight receptacles and in large quantity to be effective.
Among substances that have been employed with more or less benefit are salt, powdered sulphur, naphthalene, camphor, pyrethrum, and airslaked lime. These, when sprinkled about in tight bins, have been pvoductive of beneficial results in keeping out insects. In the preservation of samples of all sorts of products subject to insect attack, naphthalene, either in crystal or in the form of "camphor tar'' or "moth balls,'' is very extensively employed, and when used in air-tight receptacles is an almost perfect preservative. It can not be recommended for grain that is to be used for food on account of its powerful and permanent odor.
Heat mid coldy and other remedies,-Until the adoption of the bisulphide of carbon as a fumigant, heat was relied upon as the best agent in the destruction of these insects. It has been ascertained by experiment that a temperature of 140^ F., continued for nine hours, literally cooks the larva and pupa of the Angoumois moth, and that a temperature of from 120^ to 130^ F., continued for four or five hours, is fatal. It has also been experimentally proven that wheat can be subjected to a temperature of 150^ without destroying its germinating power.
Kiln-drying, at a still lower degree of heat, has been found effective. A low temperature is equally destructive, and in colder climates these insects may be successfully dealt with by stirring or turning the infested grain, or by filling the building with steam and then throwing open the windows of the building at night and exposing the insects to frost.
Tobacco, sulphur, chlorine, benzine, and naphtha have been recommended and tried as fumigants against grain insects, but none of them produce entirely satisfactory results, their vapor being insufficient for the destruction of the adolescent stages of our most injurious species, which breed wholly within the kernel, while all of these agents possess an offensive odor which is more or less persistent in the grain after treatment. The vapor of benzine and naphtha is also inñammable. Sulphur, properly applied, may be used with benefit in buildings where for any reason the use of bisulphide of carbon is not advisable, and steam and sulphur combined are very destructive to insect life.
THE BISULPHIDE OF CARBON TREATMENT.
The simplest, most effective and inexpensive remedy for all storedgrain insects is the bisulphide of carbon. This is a colorless liquid with a strong, disagreeable odor. It vaporizes abundantly at ordinary temperatures, is highly inflammable, and is a powerful poison.
A number of methods for the application of the bisulphide of carbon have been suggested and tested, but the most effective manner of applying the reagent in moderately tight bins consists in simply pouring the liquid into shallow dishes or pans or on bits of cotton waste and distributing about on the surface of the grain. The liquid rapidly volatilizes, and, being heavier than air, descends and permeates the mass of grain, killing all insects as well as rats or mice which it may contain.
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Tli6 bisulphide is usually applied in tight bins at the rate of a pound to a pound and a half to the ton of grain, and in more open bins a larger quantity is used. Mr. H. E. Weed, who has experimented with this insecticide in Mississippi, however, elaims that 1 pound to 100 bushels of grain is amply sufficient to destroy all insects, even in open cribs. Bins may be made nearly air-tight by a covering of eloths or blankets. Oilcloth and painted canvas are excellent for this purpose.
Mills and other buildings, when found to be infested throughout, may be thoroughly fumigated and rid of insects by a liberal use of the same chemical. A good time for fumigating an entire building is during daylight on a Saturday afternoon or early Sunday morning, closing the doors and windows as tightly as possible and observing the precaution of stationing a watchman without to prevent anyone from entering the building. It is best to begin in the lowest story and work up, in oMer to escape the settling gas. The building vshould then be thoroughly aired early Monday morning. The bisulphide is usually evaporated in vessels, one-fourth or one-half of a pound in each.
Certain precautions should always be observed. The vapor of bisulphide is injurious to all animal life, but there is no'danger to a human being in inhaling a small quantity. It is also explosive, but with proper care that no fire of any kind, as, for example, a lighted cigar, be brought into the vicinity, no trouble will be experienced.
Infested grain is generally subjected to the bisulphide treatment for twenty-four hours, but may be exposed much longer without harming it for milling purposes. If not exposed for more than thirty-six hours its germinating power will be in no wise impaired. In badly infested buildings it is customary to repeat this treatment about every six weeks in warm weather.
Bisulphide of carbon is for sale at drug stores at ft^om 20 to 30 cents 13b pound, but at wholesale in ^-pound cans it may be obtained at the rate of 10 or 15 eents à yiound.
A. grade known as <^ fiima bisulphide,'^ for sale at 10 cents a pound, is said by experienced entomologists and others who have experimented with it to be much more effective than the oitiinary grades on the market.
The cost of treatment is thus only 10 cents a hundred bushels.
